The thickness optimization of Al 2 O 3 layer on top of AgNRs
Our choice of Al 2 O 3 thickness is based on the following two considerations. First, Al 2 O 3 thickness needs to be sufficiently small to ovoid the excessive coverage of Ag surfaces. Second, it needs to be large enough to maximize the thermal stability. With these two considerations, Al 2 O 3 layers of 6, 8, 10, 12, 15 and 20 nm were deposited over AgNRs, and these hybrid substrates are denoted as AgNRs-6Al 2 it is hard to be differentiated from the SEM resolution. To this end, HRTEM analysis was adopted to offer visual evidences of the Al 2 O 3 capping. Figures S1c-S1e display representative HRTEM images of AgNRs capped with Al 2 O 3 layers of 8, 10 and 20 nm, respectively. As can be seen, these Al 2 O 3 layers with diverse thickness were only located at the top surfaces of AgNRs, and the side surfaces were largely exposed, which were essential to directly adsorb molecules for SERS amplification.
We then assessed the SERS efficiency of various AgNRs-Al 2 O 3 substrates. Figure S2a presents intensity was chosen to quantify the oxide capping effect on SERS activity. For each sample, the peak value was normalized to that on bare AgNRs to facilitate comparison (see Figure S2b ). To be specific, the SERS intensities of MB on AgNRs-Al 2 O 3 substrates with 6 nm to 12 nm capping occupied approximately 80% to 70% relative to those on bare AgNRs, and declined moderately to 62% and 56% with further Al 2 O 3 deposition to 15 nm and 20 nm, separately. Even though there was some signal degradation after Al 2 O 3 capping, these hybrid substrates still exhibited satisfactory SERS enhancement, which was owing to the exposed side surfaces of AgNRs that could directly interact with target molecules. 
The calculation of SERS enhancement factor
Methylene blue (MB) molecules were used to calculate the SERS enhancement factor (EF) of AgNRs- For the Raman equipment in this study, the laser light is focused onto a region with a diameter of 80 μm.
To calculate the value of N SERS , MB molecules were assumed to be deposited onto the substrate under the ideal condition that they were absorbed on the substrate surface as a monolayer. With the calculated area of a single 
